Recent studies have shown that microRNAs (miRNA) have prognostic values in cancers. This meta-analysis seeks to summarize the global predicting role of miR-155 for survival in patients with a variety of carcinomas. METHODS: Eligible studies were identified through multiple search strategies. Data were extracted from studies investigating the relationship between miR-155 expression and survival in cancer patients. Combined hazard ratios (HRs) of miR-155 for outcome were analyzed. RESULTS: A total of 16 studies dealing with various carcinomas were included for this meta-analysis. For overall survival, higher miR-155 expression could significantly predict worse outcome with the pooled HR of 2.057 (95% CI: 1.392-3.039). For relapse or progress-free survival, elevated miR-155 was also a significant predictor, with a combined HR of 1.918 (95% CI: 1.311-2.806,). In addition, subgroup analysis showed that higher expression of miR-155 had the trends to predict worse outcome in lung cancer. However, the HRs did not reach the statistical significance. CONCLUSION: Our findings suggest that miR-155 detection has a prognostic value in cancer patients. Regularly measuring miR-155 expression may be useful in clinical practice.
Introduction
MicroRNA (miRNA), a class of highly conserved noncoding RNAs with 19-22 nucleotides, are related with different kinds of diseases, especially cancers [1] . Among all uncovered miRNAs, miR-155 is no doubt one of the most attractive miRNAs [2] . In recent years, miR-21 and miR-155 were investigated in many clinical studies and both of them were found to have potential prognostic value. miR-155 is initially generated from an exon of a noncoding RNA transcribed from B cell Integration Cluster located on chromosome 21 [3, 4] . miR-155 has been found to be upregulated in several types of B cell lymphomas [5] . Some studies demonstrated that miR-155 could act as an oncogene to contribute to multiple facets of tumorigenesis, such as proliferation, motility, invasion, differentiation, angiogenesis, etc. [6] [7] [8] [9] . Consistently, silencing of miR-155 could inhibit apoptosis, proliferation and migration in cancer cells [10] .
In clinical studies, miR-155 was reported to be associated with lymphoma, leukemia, lung cancer, esophageal cancer, colorectal cancer, breast cancer and other carcinomas [5, 9, 11, 12] . Aberrant expression of miR-155 may be a potential diagnostic biomarker of several types of cancers. Interestingly, miR-155 was recently revealed to have prognostic value in some retrospective or prospective studies. For instance, Chen et al., Greither et al., Han et al., Shibuya et al. and Yanaihara et al. reported higher expression of miR-155 indicating poorer survival in various cancers with hazard ratios (HR) more than 1 and P values less than 0.05 [7, [13] [14] [15] [16] . However, other studies presented different results. For example, Heegaard et al. reported miR-155 could only insignificantly predict outcome with HR more than 1 but P values more than 0.05 [17] . Moreover, a study recruiting 637 lung cancer patients even suggested higher miR-155 expression may indicate better survival but the trend did not reach significance (P = 0.39) [18] . Therefore, it is necessary to conduct a systematic review and meta-analysis to summarize the findings globally and address the inconsistencies of literature.
In this study, we seek to carry out a systematic review and meta-analysis to evaluate the overall risk of miR-155 for survival in patients with cancers, especially lung cancer. We also discuss the possibility to use miR-155 as a prognostic marker in terms of clinical practice and statistics.
Materials and methods
We performed meta-analysis following the guidelines of the Meta-analysis of Observational Studies in Epidemiology group (MOOSE) [19] .
Search strategy
To identify the relevant studies, we searched through the online PubMed and EMBASE database from 1966 to January, 2013. Three sets of key words were used among that process, namely "miR-155 and cancer prognosis", "miR-155 and cancer" and "microRNA and cancer prognosis". By using these 3 sets of key words, the search field was extended and all the relevant studies could be included. Studies were regarded eligible when they investigated the associations between outcome and miR-155. Non-English articles, review articles or letters were excluded. If a study examined the effects of miR-155 on cancer outcome without reporting hazard ratio value or showing survival curve, it was still kept in systematic review but not included in the meta-analysis. When there were duplicate studies for the same population, we included in our systematic review the one having reported HRs, or involving more patients (usually the latest). Only in this way could the overlapping between cohorts and overestimation of the overall HR be avoided.
A flow diagram of the study selection process is presented in Fig. 1. 
Quality assessment
According to a critical review checklist of the Dutch Cochrane Centre proposed by MOOSE, we systematically assessed the quality of all the studies included [19] . The key points of the current checklist include 1) clear definition of study population and origin of country, 2) clear definition of study design, 3) clear definition of type of carcinoma, 4) clear definition of outcome assessment, 5) clear definition of measurement of miR-155 and 6) sufficient follow-up duration, at least 12 months. If a study did not mention all these six points, it was excluded so as not to compromise the quality of the meta-analysis.
Data extraction and conversion
The extracted data elements of this review included: 1) publication details: first author's last name, publication year, and origin of the studied population; 2) study design; 3) characteristics of the studied population: sample size, age, gender, disease, therapy, and cut-off of miR-155 expression; and 4) HR of elevated miR-155 expression for survival, as well as their 95% confidence interval (CI) and P value. When data were only available as Kaplan-Meier curves, data were extracted from the graphical survival plots and estimation of the HR was then performed using the described method [20] . Table 1 Summary table of the 16 included studies and the 12 studies lack of HR data. Study design is described as prospective (P), or retrospective (R). NSCLC: non-small cell lung cancer; PDAC: pancreatic ductal adenocarcinoma; HCC: hepatocellular carcinoma; SCC: squamous cell carcinomas;SCLC: small cell lung cancer; CLL: chronic lymphocytic leukemia; DLBCL: diffuse large B cell lymphoma; ESCC: esophageal squamouscell carcinoma; IPMN: intraductal papillary mucinous neoplasms; qRT-PCR: quantitative real-time PCR; ISH: in situ hybridization; OS: overall survival; CSS: cancer-specific survival; DSS: disease-specific survival; DFS: disease-free survival; RFS: relapse-free survival; PFS: progress-free survival; TFS: treatment-free survival; SC: survival curve; AP: author provided; -: not reported 
Statistical analysis
A test of heterogeneity of combined HRs was conducted using Cochran's Q test and Higgins I-squared statistic. A random effect model (Der Simonian and Laird method) was used if heterogeneity was observed (P < 0.05), while the fixed effect model was applied in the absence of between-study heterogeneity (P 0.05). Publication bias was evaluated using the funnel plot with the Egger's bias indicator test. All analyses were performed on "Stata: Data Analysis and Statistical Software" V10.1 (http://www.stata.com/).
Results
Two hundred and eighty seven studies for miR-155 were identified from a primary literature search in PubMed. After manually screening the titles, abstracts and key data, 259 records were excluded for not meeting the criteria listed above. Of the 28 reports selected for the systematic review, 12 studies were excluded in the final meta-analysis for lack of key HR value [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . The excluded 12 studies commonly focused on other miRNAs and did not analyze the miR-155 data individually. The main features of 28 relevant studies are summarized in Table 1 . We collected data of 28 studies including a total of 3846 participants from China, France, Germany, Greece, Italy, Japan, Korea, Netherlands, Norway, Poland, United Kingdom and United States of America. Most of them were prospective in design, and four were retrospective. Patients were of a variety of carcinomas, including breast cancer, pancreatic ductal adenocarcinomas, esophageal cancer, hepatocellular carcinoma, leukemia, colorectal cancer, lung cancer and lymphoma. Of all the 28 studies, 16 studies (n = 2536) with HR data could be included for metaanalysis [7, [13] [14] [15] [16] [17] [18] [33] [34] [35] [36] [37] [38] [39] [40] [41] . Among them, seven studies (n = 1678) recruited lung cancer patients. Although quantitative real-time PCR (qRT-PCR) was the widely used methods for miR-155 expression assessment, in situ hybridization (ISH) was also applied in two studies and microarray in two studies. Cancerous tissues were usually examined to determine miR-155 expression level, while serum samples were tested in two studies and plasma in one. Notably, median was selected as the cut-off value of miR-155 in 15 of the 16 studies and mean was applied in the remaining one study. Median was usually used as the cut-off value as it could divide the patients into two groups with same subject number. Such grouping way could statistically avoid large variance between groups.
For studies evaluating overall survival (OS), there appeared to have heterogeneity among studies for miR-155 (P < 0.05). Accordingly, a random model was applied to calculate a pooled HR and its 95% CI (Table 2 ). We found that higher expression levels of miR-155 significantly predicted poorer OS, with the pooled HR being 2.057 (95% CI: 1.392-3.039, Fig. 2(a) ). The pooled HR was more significantly predictive than a single HR of each study. For each study, the P value varied from < 0.001 to 0.877, and eleven studies had a respective P value more than 0.05, which was not statistically significant. For studies evaluating relapse-free/disease-free/progressfree/treatment-free survival (RFS/DFS/PFS/TFS) or cancer-specific survival (CSS), a random model was also applied due to the heterogeneity among studies ( Table 2 ). The expression of miR-155 was also significantly correlated with RFS/DFS/PFS/TFS, with 1.918 (95% CI: 1.311-2.806, Fig. 2b ) as the combined HR while it was insignificantly correlated with CSS/DSS, with 1.485 (95% CI: 0.849-2.596, Fig. 2(c) ) as HR. Among 16 studies (n = 2536) with HR data could be included for this meta-analysis, 7 studies (n = 1678) recruited lung cancer patients. Hence we conducted a meta-analysis for this sub-group. Then subgroup analysis was performed in lung cancer. The HR of OS and PFS/CSS/RFS was 1.224 (95% CI: 0.847-1.825, Fig. 3(a) ) and 1.213 (95% CI: 0.947-1.511, Fig. 3(b) ) in patients with lung cancer, respectively. Although the trends were positive, those data were not statistically significant. Finally, publication bias of the included studies was evaluated by funnel plots and Egger's tests. As shown in Fig. 4 , most of the funnel plots were symmetric. In OS, RFS/DFS/PFS/TFS and CSS of all cancers and OS and PFS/CSS/RFS of lung cancer meta-analysis, the P values of Egger's regression intercepts were 0.009, 0.986, 0.350, 0.104 and 0.198, respectively. Except for the OS of all cancers, most of the P values were more than 0.05 (Table 2) , therefore, significant publication bias did not exist in four meta-analysis whereas it only existed in OS of all cancers.
Discussion
This systematic review and meta-analysis showed that elevated miR-155 did predict poor survival in patients with a variety of carcinomas. However, our conclusions should be somewhat tempered. First, though the pooled risks of miR-155 for OS and RFS were significant and quite high with global HRs (2.057 and 1.918), the risk of miR-155 for CSS in cancer patients was insignificant. Moreover, elevated miR-155 could not predict worse outcome in lung cancer patients. The possible cause for the inconsistent results may be the limited number of subjects and studies. Therefore we strongly suggest conducting more prognostic studies for high miR-155 expression in all kinds of carcinomas. Second, a study dealing with more than 600 lung cancer patients, interestingly, predicted an insignificant outcome with HR of 0.91 [18] . As that qualified study showed an opposite trend as our conclusion, cautions should be taken when designing and performing future studies. Third, the studies did not propose clear miR-155 cut-off value. Although most of them defined median as the cut-off of elevated miR-155 expression, the accurate values could be various in the different study populations. Fourth, the current statistical analysis could not elicit miR-155 independently predictive due to methodological limits. Lack of individual HR data of other markers makes it difficult to exclude the influences by confounding factors in a meta-analysis. Finally, as is analysed in Stata software, heterogeneity of subjects and publication bias may also influence the power of our conclusion. Marked heterogeneity of subjects existed in OS, RFS and CSS of all cancers and OS in lung cancer groups. The heterogeneity of the populations was probably due to the difference in baseline characteristics of patients (age, tumor, stage, race or country), disease type, cut-off value of miR-155, the duration of follow-up, etc. For example, for CSS/RFS studies, when we stratified them according to tumor type, heterogeneity disappeared in lung cancer subgroup (P > 0.05). Since such differences might cause a residual confounding effect on these studies, we attempted to minimize the effect by using a random effect model. Furthermore, significant publication bias was still detected in one of the subgroup meta-analysis. To make up, it is considered as the cut-off of significant difference only if the p value is less than 0.05.
Our data demonstrated miR-155 was a promising biomarker of cancers. However, several points need to be considered. First, how do researchers select an appropriate cut-off value to be accurate enough? To date, most of studies used median or mean value in their laboratory or hospital as the cut-off value. Lack of abundant miR-155 expression data in global population leaves it difficult to set a standard cut-off value. Second, which should be used to test, plasma, serum or tissue? Serum and plasma are easy to obtain and convenient to examine in the case of emergency and to be monitored routinely; whereas tissues are widely used resource for miRNA study currently. In this metaanalysis, a comparison of circulating vs. tissue expression of miR-155 was not performed because only 2 studies were dealing with circulating miR-155. More studies should be conducted to compare the prognosis value of tissue miR-155 and circulating miR-155. Third, though data in all cancers are strong or nearly strong, using HR more than 2 as an empirical cutoff value for a strong predictor, the counterparts for a single type of cancer such as lung cancer are not strong. Therefore, particular miRNA for specific cancer remains discovered. For various types of cancer, over 2000 subjects are enough to draw a powerful conclusion. However, if we consider applying miR-155 in prognosis of a single type of cancer, more studies and more subjects are needed.
Other than miR-155, miR-21 is also a widely accepted biomarker of different kinds of cancers like breast cancer and hepatocellular carcinoma [42, 43] . Our previous meta-analysis has shown that elevated expression of miR-21 was a predictor for worse outcome in a variety of cancers, especially in digestive system cancers and head and neck cancers [44] . In some studies, miR-155 was combined with miR-21 or a panel of miRNAs to predict survival [13, 14, 17, [34] [35] [36] [37] . It is interesting and useful to reveal whether combination application of miR-155 with miR-21 or others has more powerful predictive value than a single miR-155 for universal cancers. Another strategy is to assay miR-155 with several tissue-specific miRNAs to evaluate prognosis in some specific cancers, such as lung cancer.
In summary, our meta-analysis, representing a quantified synthesis of all eligible studies, has shown that the higher expression of miR-155 is associated with poor survival in patients with diverse types of cancers.
It could be more valuable if grouping data from different cancer types or from different sample origin. However, it is difficult to perform meta-analysis in subgroups currently due to the limited sample size. Therefore, more clinical studies should be carried out before the application of miR-155 in prognosis of cancer, especially a single type of cancer.
